Introduction
A little is known about the determinants that affect the prices and thus the yields of the emerging markets Brady bond issues. The issue of how the prices are determined requires a closer investigation taking into account the ongoing turbulence in emerging markets and the East European country prospects. This paper analyzes empirically the importance of the domestic indicators for pricing the Bulgarian Brady bonds.
The purpose of this paper is to analyze the importance of some macroeconomic indicators in determination of the secondary market price of Bulgarian Brady bonds after DDSR agreement of Bulgarian Government with the London Club in July 1994. Section 2 provides the theoretical background and surveys the empirical research in this area.
Section three briefly discusses the DDSR agreement, attempts for macroeconomic stabilization and a potential candidates from macroeconomic variables that might affect the prices of Bulgarian Brady bonds. In section 4 we estimate an ECM model and a VAR system for DISC and IAB price determination and analyze the results. Tests for the stationarity of Bulgarian Brady bonds movement are also provided. Finally, we present some concluding remarks.
Theoretical background
The existing literature on Brady bonds suggests three alternative approaches for pricing debt -option pricing, spillover effect and "fundamentals".
The option theory is generally used to price the debt of corporate companies, but it is also applicable for pricing other risky debt. Claessens and Wijnbergen (1993) used option theory to price the bonds of Brady type agreement -the Mexican deal. Budina and van Wijnbergen (1998) use the same approach to value the effect of Bulgarian Debt and Debt Service Reduction Agreement of 1994.
The approach based on spillover effect simply states that the different bond prices are interdependent and the level or variation of particular bond price in the market depends on the behavior of similar bonds. IMF (1995) reported the presence of Granger causality of the Mexican Brady bonds prices on prices of other Latin American countries.
Respectively, Calvo and Reinhart (1996) claimed for contagion effects on Brady bonds of shocks like the 1995 Mexican crisis.
Pricing a risky debt by using the so called "fundamentals approach" is considered complementary in the literature because it only add to the spillover effect in explanation of bond price movement. It relates secondary market debt prices to a set of explanatory variables like inflation, foreign reserves, foreign reserves to import ratio, exchange rates, debt, debt to export ratio, GDP growth. Some of the important thoughts in this area are Eaton and Gersovitz (1981) , Sachs (1995) , Edwards (1986) , Cohen (1989) , Olzer and Huizinga (1991) , Haque, Kumar, Mark and Mathieson (1996) . These analyses make the implicit assumption that bonds of different countries traded on the secondary market are directly compatible, no mater that some of them do not use Brady prices. Eaton and Gersovitz (1981) pointed out the complexity of the lending to a sovereign country. They considered the probability of sovereign default as a function of macroeconomic sustainability of a given level of external debt. Through the econometric tests Cohen (1989) and Olzer and Huizinga (1991) identified the variables that best explain repayment capacity -debt to export ratio, foreign reserves to import ratio, inflation, etc. Sachs (1985) provided empirical rationale for using certain economic indicators in determination of the risk-premium in international bond markets. He demonstrated the importance of the exchange rate management and trade regime emphasizing the role of exchange rate and trade policy for a developing country performance. Edwards (1986) tested whether pricing of bonds and bank loans are significantly different and found out a positive effect of higher debt ratios on the risk premium testing the yields on low developing countries bonds traded in the secondary market. Haque, Kumar, Mark and Mathieson (1996) investigated the importance of certain ratios -the ratio of foreign reserves (excluding gold) to import, the ratio of current account to GDP, as well as of indicators like GDP growth and inflation, for the variation in credit ratings of developing countries. They tested data for 60 developing countries in their attempt to explain large variation in credit ratings.
DDSR Operation and Macroeconomic Stabilization Process in Bulgaria
The 1994 DDSR agreement converted USD 8.3 billion, including the original debt and interest arrears accumulated since the debt moratorium in1991. The market base debt and debt service reduction was estimated at about 46 percent in present value terms or at 38 percent when accounting for the up-front costs this debt deal. 1 The menu of options available in this agreement consisted of: cash buy-backs, par bonds with lower interest payments in the first 7 years, discount bonds issued at 50 percent discount but yielding market rates and interest arrears bonds converting past due interest. The impact of the DDSR agreement consisted of lowering the face value of Bulgarian debt meant to alleviate the problems of 'debt overhang' and would therefore raise market price of Bulgarian converted debt after this agreement. Houben (1995) shows that Bulgarian external debt was traded at deep discounts before the agreement -the price was varying between 0.20 and 0.30 USD per a dollar face value debt. Budina and van Wijnbergen (1998) The real exchange rate 2 (REER) is considered as a measure for trade competitiveness of an economy. Sachs (1985) 3 demonstrated the importance of the exchange rate management for Latin America and East Asia. Especially in Latin American countries overvalued currencies caused substantial capital flights. A really appreciated exchange rate is expected to affect adversely prices.
Figure 4 Real Exchange Rate and Brady Bond Prices
2 We use the real effective exchange rate indices as they are calculated by the BNB. BNB calculates the real effective exchange rates using consumer prices indices and a basket of three currencies distributed as follows: USD -75%, DEM -20%, and CHF -5% 3 Sachs, Jeffrey D., "External Debt and Macroeconomic Performance in Latin America and East Asia", Brooking papers on Economic Activities, 2, pp. 523-65. 
Figure 5 Bulgarian Exchange rate (Lev against USD) and Consumer Price
The progressive real appreciation of the lev during almost the whole 1995 and after January 1997 helped to increase imports significantly. This deteriorated the current account of the BOP and especially in the first period considered, when markedly budget deficit also existed, caused substantial imbalances in the real economy. BNB, the central bank of
Bulgaria, wasted almost all the foreign reserves in the beginning of 1996 to maintain the domestic currency appreciated. At the same time it injected huge liquidity through financing the budget deficit and banks. As a result it was unable to fight with the following crisis.
The gross foreign exchange reserves are considered to be of first importance when 5 ). In the last quarter of 1995 started the tendency BNB foreign reserves to fall down due to combination of internal speculative pressure following a temporary limit on the reduction of the basic interest rate and seasonal pressure on the BOP. During the first half of 1996 BNB forex reserves fell from 1.2 USD billion to USD 0.6 billion due to sizable foreign debt payments in January and the intensive interventions in the domestic foreign exchange market to compensate the eroded confidence in the lev and the banking system respectively. During that period foreign debt was serviced without any foreign financing.
The extremely low level of forex reserves coupled with the fast rate of their fall had an adverse effect on economic agents' expectations during the second half of the year. The inflation rate (INF) is regarded here as a proxy for the quality of economic management of the country. As a result the higher is the inflation rate, the lower is the credibility in country policy-makers and thus the price of country's Brady bonds. Figure 6 shows the inflationary development in Bulgaria and the Brady's price movement. During the considered period monthly inflation was quite high. Only exception was 1995, where monthly movements in the consumer prices were not so marked, lacking dramatic price jumps. Starting from the second quarter of 1996 inflation accelerated reaching hyperinflation at the beginning of 1997. After introduction of the currency board arrangement at the mid-1997 inflation steadily slowed down. Consumer price dynamics in 1997 diverged considerably from those displayed in the previous years.
According to BNB, this was due both to the shocks to which the economy was subjected and delayed effects of certain processes resulting from previous administrative decisions. If the collateralization of DISC matters, we would expect the prices of DISC to be less sensitive to the impact of our indicators of macroeconomic stance, thus the coefficients of the first equation must be different from the coefficients of the second equation.
ADF tests for Unit Roots in Brady Prices and Macroeconomic Variables
The first step in our analysis is to check the order of integration of both dependent and independent variables used in our econometric model. If all variables are stationary, a simple OLS estimator will be sufficient. If they are non-stationary, however, estimation of equations for Brady bonds prices by a simple OLS in levels can result in a spurious regression. Table A .1
suggest that presence of unit root in all the series in levels cannot be rejected.
Furthermore, we are interested to know the order of integration of all the series. To find out the order of integration, we apply the same ADF test to first differences of all the variables. The results from these tests, presented in table 1, reject the presence of unit roots in the differenced series. Thus we make the conclusion that all the variables are integrated of order 1 5 . Thus we have found that DISC and IAB bond log-prices, inflation, nominal exchange rate depreciation, REER, and gross foreign exchange reserves are all integrated of order one, which suggests that they maybe cointegrated.
To avoid spurious regression results that could arise if dependent and independent variables are non-stationary, we estimate the relationship between Bulgarian Brady bond prices and macroeconomic fundamentals in the form of an error correction model.
Spurious regression 6 is one of the effects of the presence of unit roots in the econometric analysis of time series.
5 For more details, see the ADF tests for unit roots for all the variables in Annex 1. 6 Often, in the presence of unit root, we can find an apparently significant relationship between two variables despite the fact that the two processes are independent. This is a direct consequence of the presence of a serial correlation displayed by the disturbances of the OLS equation in levels if the variables are non-stationary.
Results from the one-step error correction method
In this section we apply the one-step error correction model for Bulgarian DISC and IAB bond prices. The tests for weak exogeneity of gross foreign reserves, inflation and exchange rate depreciation are performed in the VAR analysis by using the Johansen procedure. The conclusion is that these variables can be treated as weakly exogenous and so we can proceed with our econometric analysis in the form of a one-step error correction method in modeling the relationship between Bulgarian Brady bond prices and macroeconomic fundamentals. For this purpose we must specify both the long-run relation and the short-term dynamics of this relationship. We can use the one-step error correction method to derive the error correction form of these functions. We regress the first difference of the dependent variable on the lagged dependent and independent variables, the differenced independent variables, and possibly on a constant and a time trend:
where X is the vector of independent variables and ∆X it is the vector of short-term adjustment variables. The dependent variable is the log-difference of DISC and IAB bond market prices. 7 The X vector includes the independent variables (macroeconomic fundamentals). The coefficients of the lagged dependent variables reflect the error correction mechanisms for these variables. The estimates for the long-run parameters can be calculated from equation Table 1 presents the econometric results by using the one-step error correction procedure.
7 Market price of DISC and IAB is calculated as average of ask and bid prices of the respective types of bonds. Data are obtained from Reuters. 8 They are equal to the minus of the coefficients of the lagged independent variables over the coefficient of the lagged dependent variable in every equation:
The T-statistics for δ j can be used as tests for significance of the long-run coefficients, θj. According to Boswijk (1994) and , a sufficient condition for the t-statistics to be valid is that the explanatory variables are weakly exogenous.
We present one of our econometric specifications for the market prices of DISC and IAB. We chose these two bonds in particular, because we are interested to know to what extent domestic and external factors matter for their market price fluctuations. Since these two bonds have difference in their characteristics (the most important being the absence of collateral for IAB bonds), we expect difference in their sensitivity with respect to various macro factors. In both regressions we found a positive impact of log of exports in USD on market prices, and a negative impact of the log of REER index on market prices. The difference, however, consist in the fact that exports coefficient is significant and REER index is insignificant in DISC equation, whereas exports are insignificant and REER is significant in IAB equation. In addition, the coefficient of REER is much bigger in IAB equation, than in DISC equation. In addition, we find much larger negative effect of both Mexican and Asian crisis for the IAB equation, than for DISC equation. Also, the reinforcement of political and economic stabilization process and the decision for Currency board introduction since May 1997, reflected by the dummy, DCB, had much larger positive effect on IAB as compared to the DISC market prices. These differences might reflect different features of these two Brady bonds. The most important impact is the effect of collateralization -because holders of DISC bonds are less exposed to market risk, they are less sensitive to both domestic and external shocks. IAB bonds, however, are more risky because they are not collateralized and are also less liquid. Therefore, any news for a real appreciation assuming constant labor productivity increases the risk of future drop in foreign reserves and discrete depreciations. This drop of foreign reserves increases the risk of default that drives down the market prices of IAB in the absence of collateral.
Unit root tests for the residuals are also performed. Boswijk (1994) and suggests using the Wald test for 'non-cointegration' hypothesis and provides tables for critical values of the Wald statistics. We have tested the hypothesis of 'non-cointegration' as proposed by Boswijk (1996) . We have performed the Wald test for the joint hypothesis that the coefficients of all lagged variables on the RHS are equal to zero. The 'noncointegration' hypothesis was rejected for all the equations. 9 Boswijk (1992 Boswijk ( , 1994 formulates the 'non-cointegration' hypothesis as a joint test on the restrictions λ=0 and δ=0. The Wald statistics is calculated as ξ=nF, where n is the number of restrictions and F is the f-statistics from the test. He provides tables for the critical values of ξ, and ξ µ, which allows for a constant term, and of ξ µ, which also allows for a linear trend. Note that for the Asian crisis, we assume that the direct effect is temporary as these countries do not have Brady bonds. This effect is negative and significant in both equations and its impact is bigger in the IAB price equation. The indirect effect, however, is included in our long term relation till extent to which Asian crisis has an impact of Mexican (Latin American) fundamentals.
VAR analysis for Bulgarian Brady bond prices
We continue the empirical analysis of market prices of Bulgarian Brady bonds with formulation of unrestricted VAR system. The multivariate approach is more efficient when independent variables are not weakly exogenous or to check the number of cointegrating relationships. Johansen's (1988) procedure allows for determining the number of cointegration vectors by specifying an unrestricted VAR system (UVAR) of the following form: size is relatively small, we cover the period July 1994 -July 1998, we use two lags for setting up the conditional UVAR system.
After specifying the structure of the UVAR system, the Johansen's (1988) maximum eigenvalue (λ max ) tests are used to determine the rank of Π matrix. The values of the λ max statistics for estimated UVAR and critical values are given in table 3.
First we show eigen-value test-statistics for the unrestricted conditional UVAR system. We condition the UVAR system on ME, DASIA and DCB1. The Likelihood ratio test indicates 2 cointegrating equations at 5% significance level.
Note, that we do impose restrictions on both β and α coefficients, in order to take into account that that we would like to assume a two different long term relations -one for the LDISC, as a function of domestic fundamentals and external variables, and second, for the LIAB as a function of the same parameters. This system can also be presented in the equivalent VECM (vector error correction) form: Note, that according to the theory, the only endogenous variables are LDISC and LIAB, so when constructing the ECM, we do assume that domestic fundamentals are weakly exogenous to the system (there is no causal relations from Bulgarian Bond prices to the fundamentals) which means that our ECM representation of the VAR system will have two equations -one for ∆(LDISC) and one for ∆(LIAB), and that LDISC is weakly exogenous to second cointegrating vector, whereas LIAB is weakly exogenous to the first cointegrating vector. which is to be expected because LDISC are collateralized, whereas LIAB are not. The ECM coefficients in both equations are negative and statistically significant, which confirms the fact that the series are co-integrated and that these are the long-term We do use the prices of two types of Brady Bonds -DISC and IAB. The first one is a bond issued at a discount of its face value but it has a principal collateral and a one year rolling-interest guarantee. The second type of bond is issued at par, but is not collateralized and as such is likely to be of more speculative nature and because of the value of the guarantee, DISC bonds are in general traded at prices higher than the IAB bond prices. In addition, as domestic fundamentals we have used the Bulgarian gross foreign reserves and exports (in USD million), the index of real exchange rate and a dummy that represents the introduction of a currency board in Bulgaria and political changes as well. We took logs of all the above listed variables. In addition, we used Mexican nominal exchange rate depreciation and dummy for the Asia crisis, which represents the impact of international factors on Bulgarian Brady bonds.
We do apply an error-correction and co-integration analysis in both a singleequation framework and in VAR framework.
First, preliminary checks for unit root on variables show that Log-prices of Bulgarian Brady bonds are integrated of order 1, I(1). Second, the empirical analysis suggest that as expected, domestic fundamentals, gross foreign reserves, exports and REER are important determinants of Bulgarian Brady Bonds price dynamics in the long run (they form the long run cointegrating relationship)
We find a positive impact of gross foreign reserves and exports and a negative impact of REER and Mexican nominal exchange rate depreciation on log-prices of Brady bonds in the long run. In the short term, the Asian crisis has a negative impact, whereas the change in political regime and the introduction of currency board in Bulgaria has a positive impact on the log prices of Bulgarian Brady bonds.
Mexican fundamentals (in our case nominal exchange rate depreciation) are important in the cointegrating relation that explains the dynamics of Bulgarian Brady bond prices in the long run. In addition, the Asian crisis dummy and the currency board dummy magnifies the impact of such shocks.
Our findings squarely suggests that positive influence of DDSR agreement is conditional on the introduction of credible and sustainable macroeconomic policies.
However, any macroeconomic policy design should take into account the external environment primarily in Latin America
Future decisions of buy-back operations should consider estimates of both direct impact of such operations on the market price of converted foreign debt, as well as the indirect impact through the changes of foreign reserves and consequently on the other macroeconomic variables.
Finally, empirical results to a great extent confirm the view that so called "fundamentals' approach' should be used to supplement the analysis of spill-over effect for the case of Bulgaria. Boswijk and van Dijk (1996) and are for a 0.05 level of significance. 
